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osting by EAbstract Objective: To investigate the effect of a resin inﬁltrant on the surface microhardness and
roughness of healthy enamel and, as a subsidiary aim, to compare it with a ﬁssure sealant.
Materials and methods: Twenty freshly extracted premolars were used. Sound enamel surfaces
were treated with a resin inﬁltrant (Icon) or ﬁssure sealant (Seal-Rite). The average roughness
(Ra, lm) of the specimens was measured with a proﬁlometer (Surtronic 10 Tylor Hobson). Surface
hardness was determined by utilizing Vicker’s surface hardness (VHN) with a Micromet II Microh-
ardness tester. Each specimen acted as its own control. Data were analyzed with 2-way analysis of
variance (ANOVA), and mean values were compared with independent t-test. All analyses were per-
formed with the SPSS program version 16 (USA). Differences with a P-value of 60.05 were con-
sidered statistically signiﬁcant.
Results: Comparison of enamel surfaces before and after application of resin inﬁltrant revealed
no signiﬁcant differences in surface hardness; however, enamel surfaces treated by inﬁltrant showed
signiﬁcantly higher VHN (244.0 ± 79.8) values than those treated with ﬁssure sealant55319819.
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80 N.M. Taher et al.(37.5 ± 14.2). Surface roughness did not differ before and after application of either material to
sound enamel. Enamel surfaces treated with ﬁssure sealant (5.3 ± 1.4) were signiﬁcantly smoother
than those treated with inﬁltrant (6.9 ± 2.0).
Conclusion: Within the limitations of the study, the results showed that enamels treated with the
resin inﬁltrant showed approximately the same microhardness and surface roughness as sound
enamel, indicating that this material might be suitable for the treatment of enamel subsurface
lesions.
ª 2012 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Dental caries is one of the most common chronic diseases
worldwide. Different approaches to caries removal have been
attempted through the years, starting from the use of a hand
drill, which was surpassed in 1871 by James Morison’s treadle
instrument (Siegel and Von Fraunhofer, 1998). Other proce-
dures for caries removal include air abrasion, atraumatic
restorative therapy, chemo-mechanical caries removal
(CMCR), and laser. Today, conventional caries treatment usu-
ally involves use of a high-speed handpiece to access the lesion
and a low-speed handpiece to remove the caries.
CMCR is a noninvasive alternative for the removal of car-
ious dentin. The technique involves application of a chemical
solution to the decayed dentinal tissue. The decayed dentine
is softened and then scraped off with blunt hand instruments
(Beeley et al., 2000; ElKholany et al., 2004; Maragakis et al.,
2001; Yazici et al., 2003). Dentin surface formed in this man-
ner is highly irregular and well suited for bonding with com-
posite resin or glass ionomer (Beeley et al., 2000). This
system is thought to be useful for the treatment of deciduous
teeth, patients with dental phobias, and medically compro-
mised patients (Beeley et al., 2000). The system was originally
marketed in the USA in the 1980s as Cavidex (Beeley et al.,
2000; ElKholany et al., 2004). However, its efﬁcacy in caries
removal had to be improved and its hand instruments were
suboptimal: application of the system required a large reser-
voir with a pump and large quantities of solution (Yazici
et al., 2003).
Carisolv, which was developed by Swedish Medi Team, re-
cently was introduced in European markets (Yazici et al.,
2003). This system works through the same mode as Cavidex,
but overcomes the major shortcomings of its predecessor
(Maragakis et al., 2001). Carisolv consists of a 2-component
gel and numerous special hand instruments. The gel is a red,
highly viscous ﬂuid that utilizes three naturally occurring ami-
no acids (glutamic acid, leucin acid, and lycine) (Elkholany
et al., 2004; Yazici et al., 2003). It also contains sodium chlo-
ride, erythrocin, water, sodium hydroxide, and a transparent
ﬂuid consisting of a low concentration of sodium hypochlorite
(Yazici et al., 2003). When the gel and ﬂuid are mixed in the
syringe and applied to the decayed dentinal tissue, the mixture
softens the decayed dentine, allowing it to be scraped off with
blunt hand instruments. The partially degraded collagen in
carious dentin is chlorinated by the chemo-mechanical caries
removal solution (Maragakis et al., 2001). This technique has
the advantages of adhesive bonding and compatibility with
both soft tissues and restorative materials (Elkholany et al.,
2004). However, some disadvantages have been associated
with this method. In particular, Yazici et al. (2003) suggested
that a conventional rotary instrument (bur) is more effectivethan Carisolv in the removal of carious tissue. The lengthy
procedure of CMCR is another drawback (Elkholany et al.,
2004).
Treatment of caries requires the understanding that caries
development is a dynamic process involving periods of demin-
eralization and remineralization (Silverstone, 1977). Enamel
remineralization has been studied for about 100 years. Nonin-
vasive treatment of early caries lesions by remineralization
may represent a major advance in clinical management of
the disease (Reynolds, 2008). During the development of sub-
surface caries lesions, minerals are dissolved out of the enamel,
resulting in increased porosities that appear clinically as so-
called ‘‘white-spot’’ lesions (Ten Cate et al., 2003). Such lesions
result from the dissolution of calcium hydroxyl apatite from
the enamel and the production of microporosities within the
remaining calciﬁed tissue (Robinson et al., 1995). These lesions
are commonly treated by enhancing remineralization, e.g.,
through improved oral hygiene, ﬂuoridation (Paris et al.,
2007b), or other processes (Gray and Shellis, 2002).
Different products have been launched in the market since
2000 that rely on the calcium phosphate remineralization sys-
tem. Their effect is mainly based on enhancement of the natu-
ral remineralization capacity of saliva. This technology could
help some patients, but is not generally recommended (Cury
and Tenuta, 2009), nor is it a solution to the problem of con-
trolling caries disease (Reynolds, 2008). A promising alterna-
tive therapy for the arrest of caries lesion might be the
inﬁltration of low-viscosity light-curing resins into the subsur-
face lesion. Because the porosities of enamel caries act as dif-
fusion pathways for acids and dissolved minerals, inﬁltration
of these lesions with resin might occlude the pathways, leading
to the arrest of caries progression (Gray and Shellis, 2002;
Paris et al., 2007b). However, the restoration of enamel and
initial dentinal lesions is associated with an unfavorable bene-
ﬁt/damage ratio. Moreover, restorations possess a limited life
span.
Sealing of initial enamel lesions with resins might be a
promising approach, as suggested by results with the ﬁssure
sealing technique (Simonsen, 1991), in which a barrier between
the lesion and source of acid production is established. The ﬁs-
sure sealing concept has been extended to smooth enamel sur-
faces (Schmidlin and Besek, 2003). A recently designed
adhesive patch to seal smooth enamel surfaces claims to pro-
tect enamel from chemo-mechanical challenge signiﬁcantly
better than a double layer of unﬁlled resin (Shmidlin et al.,
2005). This adhesive patch is reported to be associated with
a clinically acceptable surface roughness and, therefore, merits
further clinical investigation (Shmidlin et al., 2006).
By means of a new virtually painless method, the caries
inﬁltration product Icon was introduced in Germany in
2009. This product utilizes a special resin to ﬁll and seal
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sue (Drilling no thanks, 2009). Icon is an innovative product
for the microinvasive treatment of early cariogenic lesions in
the approximal and vestibular regions. It can be used to treat
caries in a timely manner without drilling. The approximal ver-
sion of the product is specially developed for hard tissues, pre-
serving treatment of incipient proximal caries; the vestibular
version is particularly suited for orthodontic patients after
braces removal. To our knowledge, only a few studies have
been conducted regarding Icon, and those have shown promis-
ing results (Paris et al., 2007a). Therefore, the aim of the pres-
ent study was to investigate the effect of Icon on the surface
microhardness and roughness of healthy enamel and, as a sub-
sidiary aim, to compare it with that of a ﬁssure sealant.
2. Materials and methods
2.1. Materials
The materials tested in this study were Icon – Smooth Surface
(resin inﬁltrant) (DMG, Germany) and Seal-Rite (pit and ﬁs-
sure sealant) (Pulpdent, USA). The compositions and instruc-
tions for these materials are shown in Table 1.
2.2. Sample preparation
A total of 20 caries-free human premolar teeth that had been
extracted for orthodontic purposes were thoroughly cleaned
using slurry pumice and a prophylaxis brush in a contra-
angled handpiece. Teeth used in this study were collected
and stored in a thymol solution (0.025%) until the day of mea-
surement. Only teeth with no cracks, restorations, or develop-
mental lesions were selected.
Roots of teeth were removed and the crowns were sectioned
longitudinally in a mesio-distal direction by using a Buehler
Isomet 2000 Precision Saw with profuse water irrigation. A to-
tal of 40 specimens were embedded in ortho resin, such that the
crown was projected and ensuring that the convex smooth
tooth surfaces were as parallel to the scanning stage as possi-
ble. All specimens were stored in distilled water after the mea-
surements were made.Table 1 Composition and manufacturer’s instructions of tested ma
Material Icon caries inﬁltrant
Manufacturer DMG – Hamburg, Ger
Composition 1. Icon-Etch (HCl 15%
2. Icon-Dry (99% etha
3. Icon-Inﬁltrant (meth
initiators, additives)
Directions of
usage
1. Clean tooth
2. Apply Icon-Etch. L
3. Rinse off with wate
4. Apply Icon-Dry. Le
5. Apply Icon-Inﬁltran
6. Light-cure for 40 s
7. Apply Icon-Inﬁltran
8. Light-cure for 40 s
Batch no. 626382Two groups of 20 specimens were measured for their Vick-
er’s surface hardness (VHN) with a Micromet II Microhard-
ness tester (Item code 80355, Buehler, Lakebluff, Illinois,
USA) and for their surface roughness with a surface proﬁlom-
eter (Surtronic 10, Ra, Rank Tylor Hobson Ltd., Leicester,
England in Denmark, serial #112/1540-1243513). Each speci-
men acted as its own control.
The 20 specimens in each of the two main groups were sub-
divided into two subgroups: subgroup 1 (n= 10) treated with
Icon caries inﬁltrant and subgroup 2 (n= 10) treated with
Seal-Rite ﬁssure sealant. Measurements were taken before
and after application of the materials. The resin inﬁltrant
and ﬁssure sealant were applied to the teeth according to man-
ufacturer’s instructions (Table 1). Both materials were poly-
merized with an Elipar Highlight (ESPE, Germany) with
400–500 nm, and the intensity was measured throughout the
experiment with an Optilux Radiometer (Kerr Corp., Dan-
bury, CT).
2.3. Measurement of enamel surface hardness
Surface hardness measurements were made by using a micro-
scope with 200· magniﬁcation. The test was performed by
applying a load of 300 g to the specimens for 15 s. The load
and time were constant for all samples throughout the study.
Measurements after surface treatments of both materials were
delayed for 24 h while the teeth were kept in an incubator in
distilled water at 37 C. Three indentations were made in each
specimen before and after surface treatment. To ensure accu-
racy of the measurements, indentations were done on the ﬂat-
test points of the enamel surface.
2.4. Measurement of enamel surface roughness
Surface roughness was characterized by the average roughness
(Ra), which represents the arithmetical average value of all
absolute distances of the roughness proﬁle from the center line
within the measuring length (Whitehead et al., 1995). Three
readings were recorded on each surface. The cut-off value (dis-
tance transversed by the stylus over which the data were col-
lected) for surface roughness was 0.8 mm, and the traversingterials.
Seal-RiteTM ﬁssure sealant
many Ultradent Products Inc.,
Pulpdent, USA
)
nol)
acrylate-based resin matrix,
1. Ultra etch: 35% phosphoric
acid
2. Seal-RiteTM: 34.4% ﬁlled
UDMA
et set for 2 min
r for 30 s. Air dry
t set for 30 s. Air dry
t. Let set for 3 min
t. Let set for 1 min
1. Clean tooth
2. Apply acid etch for 20 s
3. Rinse off with water for 20 s,
then air dry
4. Apply Seal-RiteTM
5. Light-cure for 30 s
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Figure 1 The mean surface hardness (VHN) of tested materials
(box and whisker plots with quartiles).
82 N.M. Taher et al.distance of the stylus was 5.0 mm. The radius of the tracing
diamond tip was 0.5 lm, measuring force was 10 mN, and
speed was 2 mm/s. The machine was calibrated after every ﬁve
samples to ensure reliable readings. After evaluation, speci-
mens were sputtered with gold (Polaron E-5200 Energy Beam
Sciences, Agawan, MA) and examined by scanning electron
microscopy (SEM; JSM, 6360LV, JEOL, Tokyo, Japan).
2.5. Statistical analysis
For each measured parameter, mean values were calculated be-
fore and after either treatment (inﬁltrant or ﬁssure sealant) and
were compared with an independent t-test. All analyses were
performed with the SPSS program version 16 (USA). Differ-
ences with a P-value of 60.05 were considered statistically
signiﬁcant.
3. Results
The numerical analyses of the hardness and roughness of the
enamel surfaces are presented in Table 2. No signiﬁcant differ-
ences in the enamel surfaces were found before and after appli-
cation of the resin inﬁltrant (Fig. 1). Application of the ﬁssure
sealant signiﬁcantly decreased the VHN of the enamel surface
(37.5 ± 14.2) (382.6 ± 71.5). Enamel surfaces treated with the
resin inﬁltrant showed signiﬁcantly higher VHN (246.4 ±
123.9) than those treated with ﬁssure sealant (37.5 ± 14.2)
(Fig. 1).
No signiﬁcant difference in surface roughness was found
between before and after application of either material to
sound enamel (Fig. 2). Signiﬁcantly rougher surface values
were recorded for surfaces treated with inﬁltrant (6.9 ± 2.0)
compared to those treated with ﬁssure sealant (5.3 ± 1.4)
(Fig. 2). The SEM evaluation revealed clearly visible enamel
surface alterations after application of either material
(Fig. 3A–C).
4. Discussion
Arresting of enamel lesions by inﬁltration with composite res-
ins and penetration of adhesives into previously demineralized
enamel seem to be promising approaches for the nonoperative
treatment of carious lesions (Mueller et al., 2006). Treatment
with ﬁssure sealant relies upon maintenance of an intact mar-
gin between the sealant and the tooth (Mueller et al., 2006). A
resin layer on top of the lesion is not required to accomplish
this goal, if the lesion body is homogenously inﬁltrated with re-
sin (Mueller et al., 2006). Paris et al. (2006), who wiped awayTable 2 Mean, SD and P value of tested materials for both measu
Materials tested Surface hardness (kg/mm2)
VHN± SD P
Control Icon 290.6 ± 74.7 .
Icon 246.4 ± 123.9
Control Seal-Rite 382.6 ± 71.5 .
Seal-Rite 37.5 ± 14.1
Icon 246.4 ± 123.9 .
Seal-Rite 37.5 ± 14.1the overlying resin before curing the sealants in their study,
concluded that leaving excessive material could actually be dis-
advantageous clinically, because sealant margins and even a
thin excess of resin material could provide retention sites for
plaque and caries (Paris et al., 2006).
In the current study, the ﬁssure sealant was applied with a
brush and was evenly distributed on the surface without wip-
ing it away. The recorded VHN in the ﬁssure sealant group
was signiﬁcantly lower than those of the control and resin inﬁl-
trant groups (Table 2). This ﬁnding could be attributed to the
resin layer remaining on the top of the enamel surface. Insuf-
ﬁcient material penetration and material viscosity reportedly
have an adverse effect on the success of ﬁssure sealing (France-
scut and Lussi, 2006; Irinoda et al., 2000).
In contrast to ﬁssure sealing, in which a diffusion barrier is
placed on top of the lesion surface, the inﬁltration technique
aims to create a diffusion barrier inside the lesion, by replacing
lost minerals with resin (Paris et al., 2007b). In the present
study, VHN values of the inﬁltrant group were signiﬁcantly
higher than those of the ﬁssure sealant group. Icon inﬁltrant
is a methacrylate-based resin matrix containing BISGMA
and TEGDMA, whereas Seal-Rite contains 34.4% UDMA.rements.
Surface roughness (lm)
value Ra ± SD P value
100 7.2 ± 2.8 .662
6.9 ± 2.0
000 6.3 ± 2.6 .070
5.3 ± 1.4
000 6.9 ± 2.0 .001
5.3 ± 1.4
R
a/
 µ
m
 
Tested Materials
Control I con  I con Control FS FS
2.500
5.000
7.500
10.000
12.500
Figure 2 The mean surface roughness (Ra) of tested materials
(box and whisker plots with quartiles).
Figure 3 SEM pictures at 500· magniﬁcation. Representative
photographs of the enamel surface, (A) pre-operative view, (B)
following the application of Icon, (C) following the application
of Seal-Rite.
The inﬂuence of resin inﬁltration system on enamel microhardness and surface roughness: An in vitro study 83This difference in composition might explain the different sur-
face hardness readings between the materials. Hydrochloric
acid gel erodes the surface layer more effectively than 37%
phosphoric acid. Use of longer acid conditioning with Icon
(2 min with hydrochloric acid) could have led to deeper resin
penetration than etching with phosphoric acid gel (Paris
et al., 2007b).
Icon-dry (which contains 99% ethanol) was applied for 30 s
prior to application of the inﬁltrant. Addition of ethanol in-
creases the penetration coefﬁcient by decreasing the viscosity
and contact angle (Paris et al., 2007a). Mixtures containing
large amounts of HEMA, TEGDMA, and ethanol are associ-
ated with high penetration coefﬁcients and satisfactory hard-
ening; therefore, they might be promising tools for rapid
caries penetration (Paris et al., 2007a). A previous study found
optimal results when using a short (5 s) etch with 36% phos-
phoric acid, dehydration with absolute ethanol for 2 min,
and application of multiple layers of bounding resin (Gray
and Shellis, 2002).
Although a ﬁssure sealant releases ﬂuoride, its surface
should be sufﬁciently smooth so as not to accumulate sub-
strates and microorganisms (Aranda and Garcı´a-Godoy,
1995). Shmidlin et al. (2006) assessed the surface roughness
of a newly devised adhesive patch as a smooth surface sealant.
The patch was composed of methacrylic groups and contained
elastic, cross-linked, urethane-based polymer material. The
patch had a clinically acceptable surface roughness, and is of
considerable interest in the ongoing search for a controllable
application technique of sealants to smooth enamel surfaces.
The ﬁssure sealant used in the present study showed good
roughness results, with a lower Ra than those of the control
and inﬁltrant groups. This result might be related to the
remaining resin layer on top of the enamel surface. The inﬁl-
trant group demonstrated no signiﬁcant difference in Ra com-
pared to the control group. Similar results were found by
Burgess and Cakir (2009), who found that caries inﬁltrationdid not lead to an increased surface roughness of inﬁltrated le-
sions compared to sound enamel.
The SEM results demonstrated that inﬁltrant application to
the enamel surface had sealed the enamel porosities and the
resulting product appeared smooth, whereas the sealant ap-
peared to be projecting from the sealed surface. Those obser-
vations might explain the recorded surface hardness and
roughness values of enamel when treated with the tested mate-
rials. However, surface roughness in vitro may be quite differ-
ent when compared to the dynamic complex biological system
in the oral cavity in vivo. Thus, direct extrapolations to clinical
conditions must be exercised with caution.
84 N.M. Taher et al.The current experimental conditions appeared suitable to
test the initial behavior of the resin inﬁltration material for
in vivo screening. However, the study conditions described in
this report differ from the in vivo situation. In particular, we
did not address the roles of saliva, erosive and abrasive chal-
lenges, or resin expansion and contraction by thermal cycling.
5. Conclusion
Within the limitations of the study, it can be concluded that
the microhardness of the enamel surface treated with Icon
was approximately the same as that of sound enamel. The trea-
ted enamel showed a clinically acceptable surface roughness,
indicating that this inﬁltrant might be suitable for the treat-
ment of enamel subsurface lesions. Enamel surfaces treated
with ﬁssure sealant showed signiﬁcantly lower values than
those treated with resin inﬁltrant.Ethical Statement
There is no ethical issue regarding this study.
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